ABSTRACT
INTRODUCTION
Cassava (Manihot esculenta Crantz) is one of the most important tropical crops, being one of the main sources of calories for more than 500 million people in Africa and South America (Cock, 1985) . Cassava bacterial blight (CBB), caused by Xanthomonas axonopodis pv. manihotis (Xam) , is considered the most important bacterial disease of this crop with reports of yield reduction up to 92% in susceptible cultivars (Umemura and Kwano, 1983) . The disease was reported initially in Brazi. However, presently it has spread worldwide. Plants employ a variety of defense mechanisms during a resistance response to pathogens, including the use of mechanical barriers, defense proteins and defensive enzymes. This change in the biochemistry activity of the plant cell includes, among others, the production of proteases, pathogens related proteins, and enzymes involved in the production of lignin, suberin, phenolic polymers and polysaccharides (Bowles, 1990) . Peroxidases are enzymes that utilize H 2 0 2 in oxidation reactions involving a range of compounds. An increase in peroxidase activity in plants is common during wounding, disease resistance and physiological stresses such as salinity, radiation, and pollution (Campa, 1991) . Plant peroxidases can be directly involved in defense mechanisms acting as catalysts for the polymerization of phenolic compounds to form lignin and suberin in the cell wall, which can act as barriers to block the spread of the pathogen in the plant (Fritig et al., 1987) . The importance of peroxidases during plant resistance against pathogens has been demonstrated in interactions between rice and X. oryzae pv. oryzae (Chittor et al., 1997) and between cotton and X. campestris pv. malvacerum (Dai et al., 1996) . Flood et al. (1995) suggested that peroxidases might also play an important role in CBB. Kpemoua et al. (1996) found that the production of phenolic compounds in the phloem and xylem of CBB-resistant cassava cultivars was significantly higher than in susceptible ones.
There was also a higher accumulation of lignin and a greater formation of callose and tyloses in resistant cultivars. The presence of lignin, callose and tyloses in the vessels was reported to potentially obstruct the passage of the bacteria (Kpemoua et al., 1996) . In a previous work, we described the activity of peroxidase during susceptible and resistant interactions between cassava and Xam and Xanthomonas cassavae (Pereira et al., 2000) . The objective of this work was to isolate and characterize genes involved in the response of cassava to Xam. We report here the identification and initial characterization of a cassava peroxidase gene fragment obtained by PCR, MEPX1, and its polymorphism among different cassava cultivars.
MATERIAL AND METHODS
Cassava cultivars used in this study are listed in Table 1 along with their geographic origin and level of resistance to CBB. Plants were vegetatively propagated in vitro from stem cuttings and transferred as plantlets to a growth room with day/night temperatures of 27/22 o C and 12-h photoperiod. The DNA sequences of eight peroxidase genes from different plant species were compared using the ALIGN program from PCGENE (Oxford Molecular, Oxford, England) to identify highly conserved regions. Potential primers were screened for homology with sequences in GenBank using the BlastN program (Altschul et al., 1990) to increase the probability of amplifying only peroxidase sequences. (2000) . 4 Resistant cultivar reported by Flood et al., (1995) but not ranked on 1-5 scale.
For Southern blot analysis, 10 µg of DNA were double digested overnight with 2-3 units of restriction enzymes (EcoRI and BamHI), transferred to GeneScreen Plus ® nylon membranes (DuPont, Boston, MA, USA) and hybridized with the peroxidase clone labelled with dCTP32-α using a random primer kit (Roche Diagnostics, Laval, Quebec, Canada). Hybridization was performed overnight at 42 o C with 50% formamide, 2X SSC, 1% SDS 10% dextran sulfate, 5X Denhardt's solution and 100 µg ml -1 denatured salmon sperm DNA. The membranes were washed at low stringency as follow: 2X SSC at room temperature for 5 min; 2X SDS and 1% SDS at 42 o C for 30 min; and 0.2X SSC and 1% SDS for 5 min at room temperature. Following exposure of the membranes to X-ray film overnight, they were washed at higher stringency with 0.2X SSC and 1% SDS at 63 o C for 30 min and re-exposed.
RESULTS AND DISCUSSION
Several products were amplified from MCOL 22 DNA using the peroxidase primers PX1 and PX2, which were designed based on highly conserved regions of plant peroxidases. Three different sized PCR products were cloned, and one of these cloned PCR products of 1501 bp (MEPX1, GenBank Accession #AF078691) showed sequence homology with other plant peroxidases and was analyzed in more detail. The highest homology of MEPX1 was to peroxidases from Arabidopsis thaliana, Lycopersicon esculentum and Spinacia oleracea (Fig. 1) . Individual homologies -similarities and identities -between MEPX1 and each peroxidase amino acid sequence are: 84 and 73% for Arabidopsis 1 (Rounsley and Lin 1997) ; 71 and 56% for Arabidopsis 2 (ATP20- Welinder et al., 1986) ; 65 and 52% for spinach (Simon 1993) ; 63 and 52% for tomato (Botella et al., 1993) ; and 57 and 48% for rice (Chittoor et al., 1997 . The calculated pI (CHARGPRO, PCGENE) for those peroxidases indicated that all but one was cationic, and the calculated pI of MEPX1 indicated that it was a cationic peroxidase. A search for specific protein motifs in the predicted translation product revealed the presence of the heme-ligand on the 3' end of the gene, similar to other peroxidases, as well as sites for phosphorylation, myristoylation and glycosylation (Fig. 1 ). Southern blots of 17 different cassava cultivar were probed with the MEPX1 clone (Fig. 2) . When cassava DNA was digested with EcoRI and BamHI, most cultivars showed a unique band of 5 Kb, but cultivars CM 523-7, MNGA 2 and MIND 8 also produced a higher molecular-weight band of approximately 8.8 Kb. The presence of two bands, as well as the difference in the intensity of the hybridization signal, suggests a heterozygous condition for MEPX1 in these three cultivars. There was no difference in the number of the bands on the blots exposed after low or high stringency washes. Cultivars MNGA 2 and CM523-7, which had the distinct 8.8 Kb band, are classified as resistant to CBB. The same band pattern was observed for MIND8, whose resistance to CBB has not yet been reported. Cultivars Espeto, BRA 70, VEN 70, showed bands of much higher molecular weight only. Among these cultivars, resistance to CBB has been reported only for CG which are ranked 3, 2 and 1, respectively, which represents a range of moderate (3) to high (1) CBB resistance. These three cultivars, plus the cultivar Espeto, both from South America, showed a banding pattern distinct from most of the cultivars coming from Asia or Africa. The distinct band pattern between cultivars from different regions has been demonstrated for other cassava genes that are involved in the plant defense mechanism (Pereira et al., 1999) . Resistance to CBB in cassava has been described as a polygenic trait (Jorge et al., 2000 (Jorge et al., , 2001 . The association of an EcoRI/BamHI 8.8 Kb hybridizing band with resistance to CBB suggests that MEPX1 may have potential as a molecular marker for disease resistance. It will be important to study the presence of MEPX1 in a segregating population from crosses of resistant cultivars, containing the MEPX1 band, and susceptible ones. This analysis can determine how closely linked the 8.8 Kb hybridizing fragment is to any disease resistance genes or to any QTL for CBB. It has been reported that CBB resistance was highly dependent of the interaction between cassava cultivars and Xam isolates (Restrepo et al., 2000) , and MEPX1 could be useful as a marker for specific cultivar x isolate interaction. It would also be interesting to check this clone as a marker for resistance to cassava mosaic virus (ACMV), another important disease in cassava, since there are indications that the genes for resistance to both diseases are linked (Hahn et al., 1989) .
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RESUMO
Uma das mais importantes doenças da mandioca (Manihot esculenta Crantz) é a bacteriose, causada pela Xanthomonas axonopodis pv. manihotis. Visando caracterizar genes de mandioca envolvidos na resistência a esta doença, um clone genômico do gene de peroxidase (MEPX1) foi isolado por meio de PCR. A sequência de nucleotídeos apresentou homologia com outros genes de peroxidase de plantas, contendo um intron, típico de genes de peroxidase. O produto de translação apresenta o domínio heme-ligante, característico de peroxidases, assim como domínios de fosforilação e glicosilação. A sequência de aminoácidos teve 75% de homologia com genes de peroxidase de Arabidopsis thaliana. Análise em Southern blot de 17 cultivares de mandioca, usando MEPX1 como sonda, apresentou polimorfismos que, além de refletirem a origem geográfica do material, demonstraram associação com resistência ou tolerância a bacteriose, indicando que MEPX1 pode vir a ser explorado como marcador para esta importante doença em programas de melhoramento de mandioca.
